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SUMMARY – The Macintosh laryngoscope has been the most widely used device for intuba-
tion since its invention by Foregger in the 1940s. Recently, video and optic laryngoscopy assisted 
tracheal intubation has been used widely in patients with difficult airways. Their routine use, howe-
ver, is not widely practiced. This review will summarize some of the newly available devices to assist 
tracheal intubation, with their advantages and disadvantages when compared with conventional 
laryngoscopes. It also presents the reasons to support their use in both elective and emergency 
airway management.
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Introduction
Despite many advances in patient safety, endo-
tracheal intubation remains a specialized learned 
skill, and difficult endotracheal intubation remains 
an important adverse event1,2. Direct laryngoscopic 
tracheal intubation is an effective method to secure 
the airway1. However, it is not an easy skill to acquire 
and maintain without regular practice, and the tech-
nique requires experienced professionals. Successful 
direct laryngoscopy requires alignment of the oral, 
pharyngeal and laryngeal axes. Since the appearance 
of the Macintosh/Miller rigid laryngoscopes in the 
1940s1, attempts to optimize laryngoscopy have been 
largely limited by the intubating conditions, optimal 
patient positioning and available technology. Despite 
careful airway assessment, direct laryngoscopy oc-
casionally yields unexpectedly poor laryngeal views2. 
Such difficulties, even if ultimately successful, may 
result in multiple laryngoscopic attempts and be as-
sociated with significant hemodynamic disturbance, 
oxygen desaturation, sore throat, airway injury, and 
dental damage (the latter accounting for one-third of 
all confirmed or potential anesthetic claims)2, inten-
sive care unit admission, neurologic impairment, and 
death3. Consequently, several alternative techniques 
have developed over time to overcome some of the 
deficiencies of the ‘line of sight’ laryngoscopy tech-
nique: intubation through the intubating laryngeal 
mask airway, use of different laryngoscope blades, use 
of gum-elastic bougie or malleable stylet, retrograde 
intubation, and blind oral or nasal intubation. In con-
trast to direct laryngoscopy, the appearance of optical 
fibers ushered in the era of the flexible fiberscope and 
rigid indirect laryngoscopes that allowed us to ‘see 
around the corner’ without trying to convert the cor-
ner to straight line4. Video-guided intubation makes 
better anatomical sense1. A skill set to be developed, 
enhanced and assessed for successful visualization of 
the larynx would include the use of both rigid and 
flexible endoscope. Broad classification of the devices 
used for airway visualization is shown in Table 1.
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The aim of this article is to provide a topical re-
view of the literature on indirect rigid and flexible fi-
beroptic intubation devices as alternative methods in 
the visualization and management of difficult airway. 
Each particular device features may offer advantages 
or disadvantages, depending on the situation the an-
esthesiologist has to deal with. 
Methods
Indirect rigid and flexible fiberoptic intubation de-
vices that have been used by the authors are reviewed 
in this article. A review of citations from PubMed was 
conducted without time limit until March 2015. Full-
text articles were retrieved of any citations that were 
considered potentially relevant and were included. 
Device video and optic variability
Recent development of smaller and more reliable 
video cameras has revolutionized the design of laryn-
goscopes and the process of endotracheal intubation. 
The term video laryngoscopy defines a broad range 
of devices, distinct from fiberoptic bronchoscopes, in 
which a video camera is used in place of line-of-sight 
visualization to accomplish endotracheal intubation. 
Over a dozen laryngoscopes are marketed currently4-6. 
A video laryngoscope collects electronically processed 
images with a camera attached at its tip. Images of 
the airway are observed on a monitor attached4. Opti-
cal laryngoscopes are similar devices based on optic 
techniques (fiberoptic cable and lens) and the glottis is 
observed through a viewfinder5. Each model of video 
laryngoscope has its own unique strengths, weak-
ness and best applications. However, failure can oc-
cur during any intubation attempt and the utility of 
video laryngoscopy must be considered as an alterna-
tive intubation device when direct laryngoscopy fails5. 
After failure of initial direct laryngoscopy, morbidity 
has been shown to increase when more than two at-
tempts are made at laryngoscopy during emergency 
intubations performed beyond the operating room7. 
Table 1. Classification of intubating devices based on the 
airway visualization technique
Direct laryngoscopes
Straight blade (e.g., Miller laryngoscopes)
Curved blades (e.g., Macintosh laryngoscopes)
Blades with articulating tips (e.g., McCoy 
laryngoscope)
Indirect intubating devices
Video and optic laryngoscopes (e.g., C-MAC Storz, 
Airtraq)
Fiberoptic stylets (e.g., Bonfils fiberscope)
Flexible fiberoptic devices (Storz intubation flexible 
fiberscope)
Table 2. Advantages of fiberoptic intubation
The sniffing position is not required
•	 Intubation	 feasible	 even	 under	 extreme	position-




patient with small mouth opening)
•	 Management	of	the	predicted	difficult	airway	
•	 Management	 of	 the	 unpredicted	 difficult	 airway	
(difficult or impossible laryngoscopy, respiratory 
emergencies, as well as the unanticipated can ven-
tilate but cannot intubate scenario)
•	 Intubation	 with	 a	 fiberoptic	 scope	 is	 possible	
through the LMA (especially if the LMA was 
used to rescue failed intubation attempts)
•	 Reduced	risk	of	aspiration	(spontaneously	breath-





Table 3. Problems encountered during fiberoptic intuba-
tion 
•	 Requires	practice	(at	least	10	fiberoptic	intubations	
on anesthetized patients and 15-20 intubations on 
awake patients with normal anatomy2
•	 Impaired	view	due	to	blood,	mucus,	secretions	and	
edema
•	 Pronounced	 stress	 reaction,	 laryngospasm	due	 to	
insufficient topical anesthesia 
•	 A	good	view	of	the	glottis	is	not	always	followed	
by successful intubation (a problem contributed to 
by narrow angle of view from the tip of the fiber-
optic scope)
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The Difficult Airway Society of the United Kingdom 
suggests in their failed intubation guideline that a 
provider makes no more than two attempts with the 
same device before moving on to an alternative device, 
with the maximum number of laryngoscopy attempts 
limited to four when managing unexpected difficult 
airway of a starved patient8. In addition to the low 
success rates of multiple intubation attempts, compli-
cations such as airway trauma, hypoxia, tachycardia, 
increase in blood pressure and intraocular pressure, 
aspiration, and cardiac arrest may arise7,8.
Available data suggest that the new intubation 
equipment may play a crucial role in advanced air-
way management9-11. Recently, video and optic laryn-
goscopic assisted tracheal intubation has been used 
widely in patients with difficult airways or as rescue 
in field intubation attempts. Their routine use, how-
ever, is not widely practiced. Video laryngoscopes are 
now incorporated into airway algorithms for awake 
intubation in the predicted difficult airway as well as 
unpredicted difficult intubation, following induction 
of general anesthesia12. Examples of different types of 
video laryngoscope are provided in Figures 1-3.
New intubation video and optic laryngoscopes can 
be categorized as follows (Fig. 4):
Fig. 1. Example of Macintosh type video laryngoscope: the Storz C-MAC video laryngoscope.
Fig. 2. Examples of angulated blade video laryngoscope:  the McGrath video laryngoscope and Storz D-blade video 
laryngoscope.
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1. Macintosh like blade rigid indirect optical devices
Representative laryngoscopes include the Storz 
V-MAC/C-MAC video laryngoscope (Karl Storz, 
Tuttlingen, Germany) and McGrath MAC (Aircraft 
Medical, Edinburgh, Scotland). The video laryngo-
scopes have a Macintosh-type blade similar to that of 
standard laryngoscopes; the difference lies in the in-
clusion of a camera. The blade is inserted into the oral 
cavity using the standard direct laryngoscopic tech-
nique, and the glottis can then be seen either under 
direct vision or on a video screen13. The endotracheal 
tube (ETT) is inserted in much the same way as with 
direct laryngoscopy. These devices most of the time 
require a stylet to aid tracheal tube placement12,13. 
2. Angulated blade rigid indirect optical devices 
Representative laryngoscopes include the Storz D-
blade (Karl Storz), McGrath series 5 (Aircraft Medi-
cal), Glidescope (Verathon Medical, Bothell WA, 
USA), TruView Devices (Truphatek International 
Limited, Netanya, Israel), AP Venerscope (Intavent 
Direct, Maidenhead, UK). The video laryngoscopes 
have an angulated blade which is characterized by a 
sharper curve than the Macintosh blade. The curva-
ture of the blade allows clear view of the glottis on 
the video screen with minimal flexion or extension of 
the patient’s head and neck, but direct visualization is 
usually not possible14.These video laryngoscopes are 
normally introduced in the middle of the oral cavity 
without tongue displacement. They glide along the 
palate and the posterior pharynx until the tip of the 
blade reaches the vallecula or the posterior aspect to 
the epiglottis if the epiglottis obscures the glottis14. 
Contrary to the Macintosh-type blade, the ETT has 
to be introduced ‘around the corner’ and should be 
mounted on a pre-shaped 60° angle stylet to match 
the blade curvature. A limitation of this type of video 
laryngoscope is the potential difficulty to direct the 
tube toward the glottis despite obtaining clear view. 
These devices markedly improve glottic visualization 
Fig. 3. Examples of video laryngoscopes with a tube channel (channeled video laryngoscopes): the 
Airtraq and Pentax AWS system (Airway Scope).
Common properties:
Improve glottis visualization



















Direct and indirect glottis view
Do not always require a stylet
Common properties:
Exellent glottis visualization
Stylet to perform tracheal intubation









Fig. 4. Classification of video laryngoscopic devices based 
on the method of use and blade shape.
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Fig. 5. Examples of optical stylets: 
A) Bonfils intubation endoscopes.
B) Levitan optical stylet
Fig. 6. Flexible intubation video endoscopes.
with minimal patient head flexion and neck exten-
sion10.
3. Channeled blade rigid indirect optical devices 
Representative laryngoscopes include the Airtraq 
(Prodol, Vizcaya, Spain), Pentax-Airway Scope (Pen-
tax-AWS, Ambu Glen Burnie MD, USA), King Vision 
(King System, Noblesville, USA). The video laryngo-
scopes have an anatomically shaped blade and a guide 
channel that directs the endotracheal tube towards 
the glottis. These video laryngoscopes have a screen 
mounted on their handle. With these instruments, the 
ETT is preloaded into the guide channel; the video la-
ryngoscope is then inserted along the midline of the 
patient’s mouth without displacing the tongue laterally 
and is advanced slowly until the epiglottis is viewed10. 
The tip of the blade is positioned posteriorly to the epi-
glottis, directly elevating in order to visualize the vocal 
cords. It is important to place the glottic opening in 
the center of the monitor. The ETT is then inserted 
into the trachea via the guide channel13. The channeled 
blade laryngoscopes cannot be inserted in patients with 
reduced mouth opening. They generally have a larger 
and more angulated blade when compared to the non-
channeled blade video laryngoscopes. Also, the angle 
of force applied with the laryngoscope is more perpen-
dicular to the cervical spine, which may reduce cervical 
spinal displacement during laryngoscopy13,14. All are 
B
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designed for oral endotracheal intubation using a stan-
dard ETT. The view screens are generally small and 
attached directly to the device, making the laryngo-
scopes highly portable.
Many of the new intubation devices have been 
used successfully to perform awake intubation15. 
Combined use of a flexible optical scope and other 
new devices has also been described16.
Limitations and complications
Many devices using indirect laryngoscopy with 
video technology are documented to provide a good 
view of the glottis, even in difficult airway6. However, 
a good view of the glottic opening does not always en-
sure easy passage of the tracheal tube when non line-
of-sight techniques are used. Despite clear visualiza-
tion of the glottis, the insertion and advancement of 
the ETT with video laryngoscopes may occasionally 
fail13,14. The inability to deliver the ETT to a visual-
ized larynx is both frustrating and largely avoidable. 
In order to achieve successful intubation with video 
laryngoscopes, the operator should follow each manu-
facturer’s guidelines with respect to endotracheal tube 
pre-shaping and proper maneuvers when resistance to 
advancement of the ETT occurs. Further maneuvers 
and adjuncts may be required to advance the ETT, 
such as cricoid pressure, slight withdrawal of the sty-
let, rotating the ETT, and use of gum elastic bougie10. 
When a styletted tracheal tube is inserted blindly, 
while looking at the screen or in the eyepiece of the 
new device, there is a risk of injury to the palatal arch 
and other structures9. Undoubtedly, all new intuba-
tion equipment has the potential for complications 
associated with its use, although available data allow 
little comparison among devices in this regard. Aus-
cultation and capnography must be performed as ad-
ditional test of appropriate tube placement.
Key points: The future of video laryngoscope is 
promising. Is one model of video laryngoscope ‘the 
best’? Probably not. None of the models appears uni-
formly superior to another, and none is 100% success-
ful. Studies show that video laryngoscopes are associ-
ated with better glottic visualization, a higher success 
rate for difficult airways, and a faster learning curve, 
resulting in a higher success rate for intubations by 
novice physicians, and minimal head or neck manipu-
lation9,10. Thus, unanticipated difficult intubations 
may be less frequent if video laryngoscopy is used as 
the first-line approach. In adult patients with an ‘easy 
airway’, direct laryngoscopy was found to be faster 
and cheaper than intubation using new devices10,11. 
Despite different shapes and characteristics of video 
laryngoscopes, there is little information about which 
video laryngoscope design could be more advanta-
geous in various clinical situations. Perhaps the ques-
tion of most clinical relevance is: which devices are 
successful in the event of a difficult or failed intuba-
tion attempt with a traditional direct laryngoscopy?10.
Optical stylet devices 
Stylets are rigid or semi-rigid rods that carry light 
and video/fiberoptic bundles. A number of optical 
stylets have been introduced into clinical practice 
since 199517. Most of these devices are rigid with pre-
determined shape and length. There are, however, ex-
amples of optical stylets that are semi-rigid, allowing 
for some preintubation shaping, or have steerable tip 
with rigid body18. The Bonfils Retromolar Intubating 
endoscope (Karl Storz, Tuttlingen, Germany; http://
www.karlstorz.com) was one of the first optical stylets 
introduced into clinical practice and may be consid-
ered a gold standard device for optical stylets. It comes 
in adult sizes and pediatric stylet (Brambrink intuba-
tion endoscope, Karl Storz GmbH & Co.KG, Tut-
tlingen, Germany). The Bonfils intubation endoscope 
was invented as an optical device over 25 years ago to 
permit retromolar intubation in patients with limited 
mouth opening19. The insertion rod is available in 2-, 
3.5-, and 5-mm outside diameters, and has a 1.2-mm 
working channel for continuous oxygen flow. The in-
sertion rod is bent at a 40° angle at the distal end, 
and the optics provide a 110° view angle that includes 
view of the distal tip of the endotracheal tube, which 
is mounted over the insertion rod and then slide of the 
rod and the glottis. Bonfils is introduced via retro-
molar approach. Guided by the operator’s right hand, 
the Bonfils is advanced underneath the epiglottis and 
guided through the glottic aperture until the tracheal 
rings can be identified. The ETT can then be inserted 
into the trachea under direct vision (Fig. 5). The retro-
pharyngeal space can be improved by performing chin 
lift with the left hand or inserting a Macintosh blade 
simultaneously19.
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There is significantly less movement of the upper 
cervical spine during intubation with the Bonfils as 
compared with the Macintosh laryngoscope20. Ru-
dolph et al. compared cervical spine movement and 
time to best laryngeal view with the Bonfils intu-
bation stylet and the Macintosh laryngoscope in 20 
patients undergoing elective general anesthesia. The 
Bonfils improved Cormack and Lehane views in all 
patients to grade 1 and caused significantly less cervi-
cal spine motion during laryngoscopy and intubation. 
Compared to flexible fiberoptic bronchoscopy, it takes 
less time to prepare in the event of unanticipated dif-
ficult intubation, and it is also cheaper20.
Problems encountered during Bonfils intubation: 
as with other devices with a fiberoptic lens, Bonfils 
has similar disadvantages such as fogging or obscured 
view by blood or secretions. Its rigid nature does not 
allow for nasotracheal intubation. Bonfils requires 
prior training for successful intubation.
Key points: Video stylet device may be advanta-
geous for oral endotracheal intubation when mouth 
opening is limited or for the management of patients 
with other cervical spine pathology to prevent cord 
damage. Compared to flexible fiberoptic bronchosco-
py, it takes less time to prepare in the event of unan-
ticipated difficult intubation20, and it is also cheaper. 
Bonfils is rather large, and the optic may be subject to 
secretions and fogging. It requires a substantial learn-
ing curve. This device appears to be most suited to 
special situations and use by operators willing to prac-
tice and attain sufficient skill in their use.
Flexible Fiberoptic Intubation
There are many brands of flexible fiberoptic en-
doscopes on the market, e.g., Karl Storz (Tuttlingen, 
Germany), Olympus (America Inc., Center Valley, 
PA, USA) and Pentax (Pentax Canada Inc., Ontario, 
Canada). They come in many sizes with different di-
ameters suitable for adults and children. Most intuba-
tion fiberscopes have approximately 60 cm working 
length and distal maneuverable tips that deflect 140° 
up and down (Fig. 6). Flexible fiberscope comes with 
a light source and suction channel that can be used 
for administration of local anesthetic and/or oxygen 
insufflations. Images can be projected on a monitor 
screen or viewed via the eyepiece2. 
Early detection of intubation difficulties is one of 
the most significant tasks of the anesthesiologist and 
should be assessed preoperatively to maximize the 
quality of procedural safety measures. If the patient 
is likely to prove difficult to intubate, fiberoptic intu-
bation can considerably reduce the risk of hypoxia: it 
allows the anesthesiologist to conduct the procedure 
in the conscious, spontaneously breathing patient us-
ing no more than topical anesthesia and mild seda-
tion. However, since fiberoptic-guided intubation can 
be regarded as a safe technique only on the condition 
that there is sufficient and regular practice, both theo-
retical and practical training and continuing educa-
tion of anesthesiologists are essential.
Flexible fiberoptic bronchoscopes are particularly 
useful in awake intubation, when the airway is ad-
equately anesthetized minimizing patient discomfort. 
The success of flexible fiberoptic assisted intubation 
requires appropriate planning and patient prepara-
tion. As fiberoptic bronchoscopy requires a clear visu-
al pathway, administration of antisialogogue prior to 
the start of the procedures is recommended. If the pa-
tient is not at risk of aspiration,  the airway should be 
anesthetized. This can be achieved by various meth-
ods such as the superior laryngeal nerve block, trans-
tracheal nerve block or topical lignocaine spray. The 
patient’s nasal passages should be treated with a topi-
cal vasoconstrictor to shrink the nasal mucosa before 
attempts at nasal intubation. Anesthesia of the airway 
increases patient comfort, decreases the response to 
intubation, and hence enhances the probability of suc-
cess21.
Because of the advantages of this procedure and 
its minimal limitations, the indication range for fiber-
optic intubation should be broadly defined (Tables 2 
and 3). This helps ensure the user is sufficiently ex-
perienced with this procedure, which is of particular 
benefit in emergency cases. The majority of anesthesi-
ologists in the USA advocate awake flexible fiberoptic 
intubation as their first choice in patients with known 
or suspected cervical spine pathology, yet inexperi-
ence with this technique is a major concern of many 
practitioners21.
Key points: Provided suitable technical equipment 
and use of the standard protocol, the fiberoptic intuba-
tion has no restrictions as to patient age and anatomi-
cal particularities. Moreover, fiberoptic intubation is 
Acta Clin Croat,  Vol. 55,   (Suppl. 1)   2016 83
Branka Maldini, I. Hodžović,Tatjana Goranović New airway devices
not limited to a certain type of patient positioning. If 
a patient is to undergo fiberoptic intubation following 
an earlier unsuccessful attempt at laryngoscopic intu-
bation, it is essential to switch to the fiberoptic pro-
cedure as early as possible. Otherwise, the swellings 
caused by repeated attempts at laryngoscopic intuba-
tion may cause complications, and in extreme cases 
thwart fiberoptic intubation completely21,22. However, 
even in experienced hands, flexible fiberoptic endos-
copy takes longer to achieve intubation as compared 
to direct laryngoscopy and video laryngoscopy. It is 
expensive to buy, maintain and repair. 
Conclusions
The incidence of difficult laryngoscopy and intu-
bation has not changed in recent times. Persistent at-
tempts at direct laryngoscopy are associated with low 
success rate and patient complications. The early use 
of alternative devices improves the likelihood of suc-
cess in airway management and reduces the potential 
for patient injury. Alternative airway management 
devices are increasingly available to anesthesiologists, 
and there is expectation that anesthesiologists will 
possess the necessary skill to safely manage difficult 
airway with these alternative devices.
Available data suggest that new intubation equip-
ment may play a crucial role in both predicted and 
unpredicted difficult or failed intubations. Ideally, 
such alternative devices should be available in all set-
tings where tracheal intubation is performed. Most 
importantly, experience and competency with any of 
the alternative intubation equipment are critical for its 
successful use in any clinical setting.
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Sažetak
ALTERNATIVNI UREĐAJI ZA INTUBACIJU
B. Maldini, I. Hodžović i T. Goranović
Macintoshov laringoskop je najčešće korišteni uređaj za intubaciju koji je prvi puta primijenio Foregger 1940. godine. 
Kasnije su uvedeni video i optički laringoskopi koji pomažu pri intubaciji u bolesnika s otežanim dišnim putem. Međutim, 
njihova rutinska uporaba nije široko prihvaćena u praksi. U ovom članku se sažeto iznose prednosti i nedostaci novih do-
stupnih uređaja koji pomažu tijekom intubacije u usporedbi s konvencionalnim laringoskopima. Dodatno se iznose razlozi 
za uporabu novih uređaja kod elektivnog i hitnog zbrinjavanja dišnoga puta.
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